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EP155 February 9, 2004 Midterm 


Name: _ Student No. _ 

Date: February 9, 2004 
Time: 1 hours 

Restrictions: Calculators and one 8.5 by 11 sheet of paper only. 

The sheet of paper can be written on both sides. 


Put a box around all your answers! 

CONSTANTS: 

• k = 9.0 x 10 9 N • m 2 /C 2 

• Inferred absolute zero temperature for copper, T 0 = —234.5 degrees Celsius 

• resistivity of copper at 20 degrees Celsius is p 2 o = 1-723 x 10~ 6 Ocrn 

• temperature coefficient of resistance for copper is a 20 = 0.00393/degree Celsius 

• Field strength that breaks down air is 30 kV/cm 

PREFIXES: 

• H is 10“ 6 

• m is 10 -3 

• k is 10 3 


QUES. MARKS 

Ql _ 

Q2 _ 

Q3/Q4 _ 

Q5 _ 

Total _ 


1 



1. The map of an electric field is shown in Figure 1. Note, there are several points that are 
clearly labeled and one force vector shown on the map. The lines on the map indicate 
constant energy levels, where the levels are in units of J/C. The lines are drawn for 
energy level increments of 0.500 J/C, i.e. 0.500 V. 

It is known that it takes work to move positive charge from left to right anywhere 
on the map. It is also known that the force exerted by the electric field on ±0.100 
mC (sign of the charge is not given so could be positive or negative charge) of charge 
located at point D is 1.00 N in the direction shown on the map. 

(a) What is V ffA '? 

(b) i. What is the sign of the charge located at point D? 
ii. What is the strength of the electric field at point D? 

(c) Approximately what is the magnitude of the force on a point charge of 1 /iC 
located at point G? 

(d) Draw an electric field line through point B. Draw a long line that spans the map 
and not just a short segment of the line near point B. Be sure to put an arrow on 
the field line to show the direction of the field. 






2. A point charge of +1.00 mC, referred to as Ql, is located in a plane at x=-10 cm and 
y= 0.00 cm as shown in Figure 2. Two other points are labeled in Figure 2. Point A 
is at the origin and point B is at x = 0.00, y = 10 cm. 


(3) 

(a) 

How much work is required to move test charge Qt = +2 /iC from point A to 
point B? 

(2) 

(b) 

What is V BA 1 

(3) 

(c) 

The field is changed by adding a second point charge of Q2 = +3.00 mC at x = 
10 cm, y = 10 cm, as shown in Figure 3. What is Vba? 

(2) 

(d) 

A ring of copper wire is placed around point charge Ql in Figure 2 as shown in 
Figure 4. 


i. Will the presence of the wire ring change the electric field? If so, what happens 
to make the electric field change? 

(2) 


ii. Will the wire experience a net force clue to Ql? If so, in what direction? 


4 
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3. A copper wire of unknown length has a cross sectional area of 1.0 x 10 ' m 2 and a 
resistance of 10.0 kfl at a temperature of 20 degrees Celsius. 

(3) (a) What is the length of the wire? 

(3) (b) This wire is taken to another location so that it is no longer at a temperature 

of 20 degrees Celsius. The resistance is measured to be 10.8 kfh What is the 
temperature at the other location? 

(2) 4. A spark plug has a gap of 0.7 mm, i.e. the two terminals of the spark plug are 0.7 

mm apart. To force a spark a voltage is applied across the two terminals. This voltage 
increases with time until a spark occurs. Approximately what is the voltage across the 
terminals of the spark plug when the spark starts to occur? 


7 
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5. Consider the circuit shown in Figure 5. The current flowing in this circuit is 25.0 mA 
in the counter-clockwise direction. Resistor R1 has value 4000 12. The voltage of the 
battery is not given. 


(2) 

(a) 

(1) 

(b) 

(2) 

(c) 

(2) 

(d) 

(2) 

(e) 

(2) 

(f) 

(2) 

(g) 


What is the voltage at point A with respect to point B? 

What is the battery voltage, i.e. what is E? 

Is there an electric field present in Rl? If so, what is its direction? 

How much work would it take to move -0.100 C of charge clockwise from point 
B, through the battery to point A? 

How much negative charge does the battery move from its positive terminal to its 
negative terminal in 1 hour? 


How much electrical energy does Rl convert to heat in a 35 s interval? 

Is there an electric field at point H? 

If so, draw the approximate direction of the field on the circuit diagram. 
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